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DC Transformer Applications

B DC Transformer applications : DC grid, Energy storage, Datacenter, DC house...
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Industrial DCT Demonstrator
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Power Density < 140kW/m?
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Power Density Analysis of Conventional DCT
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B Reasons of low power density :

» Large insulation gap
» Large number of passive components
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Insulation gap +
16 sets of passive
components
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DCT with Single Transformer

B DCT with single transformer can achieve much higher density
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DCT with series—connected power devices

B DCT with series-connected power devices
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Challenges of Series—Connected Devices

A |

Over-
voltage

Damage

Key Challenge: voltage sharing
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[0 Reasons of voltage imbalance

Devices internal parameter: threshold voltage, parasite
capacitor, leakage current, etc.

External circuit parameter: trigger delay, trigger resistor,
parasite parameter, temperature, etc.



Active clamping module

Clamping Sy C S conducts, C is
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Series connection of power devices
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DCT based on series connection of power devices
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Charging of ACM capacitor

B Any asynchronization will charge the ACM cap. .
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Discharge of ACM cap
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Balancing control strategy
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Prototype with 6 series—connected SiC MOSFET

Power device B Prototype parameters
and its ACM
i i Input voltage 3kV
(-mmmmmm- . / i i Output voltage 750V
__________ ’ i Output power 30kW

No. of series-

connected devices 0
Switching frequency 10kHz
Dead time 2US
Discharge time 1us

Clamping cap 20uF



Experimental results
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V=1kV, P=3.3kW

Experimental results
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Experimental results @5kV

B Clamping Capacitor voltage B Voltage of series-connected SiC MOSFETs
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Experimental results

Arm voltages Gate signals
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Experimental results

Load change Enable and disable balancing control
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Efficiency [%]
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Experimental results

Peak:98.4%
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Conclusions

.[::I_._

v" No influence on

— J | Active clamping
_ balanci it
J':'I[} | J w alancing circui

| EI main device
Ei} JEF -“'f]} | é’} ACM v" Power loss of the
R R , ) ,
| 'Sic MOS balancing circuit

can be ignored

the switching of

:)C Transformer Topology \. 4
Vi1l Viasrr Vge 3 (200V/ div) 08.50
Tt it e _ﬁq astaltn g “] II-'-:‘ S il‘j "
> 98.00
L™
c
Q{
0 97.50
hT
| | 07.00
o e [ A div 5 10 15 20 25 30
Joovov oy vy Time(100ns/div) Power (kW)
61°SiC MOSFET@10kHz @1kV, 3 devices series-connected @ 3kV Input

3KV/750V 30kW Imbalance degree < 5%,



Thank you!
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